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AUGUST. 1941 


• THE GREATLY INCREASED DE¬ 
MAND for ec}iii(mieiU for the defense 
program made it necessary to call to the at¬ 
tention of our customers through these col¬ 
umns the fa<*t that there wouhl l>e delays in 
the supplying of some equipment. Fortu¬ 
nately, due to fairly large stocks that had 
been built up in anticipation of these require¬ 
ments, and also due to good stocks of basic 
materials, these delays have been kept to 
a minimum. 

A new situation has now arisen, and it has become quite acute. Many 
of the materials going into the maiuifaclure of our products arc on the 
mandatory priority list. This means that in order to obtain such ma¬ 
terials we must furnish a preference rating to our sup[>lier8. I'his is 
obviously a matter over which we do not have control. It means essen¬ 
tially that we are in a position to fill orders only when the items are in 
some manner associated with the defense program. T'hcTefore, BF 
SURE TO snow DEFENSE CONTRACT NUMBER AND PREF¬ 
ERENCE RATING ON ALL PURCHASE ORDERS AND IN¬ 
QUIRIES. 

The Defense Supplies Rating Plan of the Office of Production Man¬ 
agement allows us to purchase certain scarce materials under an A-10 
priority rating when the material is to be used in the manufacture of 
General Radio equipment entering into the National Defense Program. 

Under this plan, doemnentary evidence is required to show that the 
products are almost entirely used for defense. Consequently, we are 
asking our customers to supply us w ith affidavits stating the percentage 
of purchases made by them for defense uses month bv month. \o\i may 
already have received the first of these affidavit forms. They are very 
simple in form, and we hope that you will return them promptly, as it 
is only by this means that we can continue to maintain a smooth flow 
of production to meet your requirements. 
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IMPEDANCE BRIDGES 
ASSEMBLED FROM LABORATORY PARTS 
PART II THE SCHERING CIRCUIT 


• IN LAST MONTH'S EXPER- 

I M E N T E R a bench layout of a series- 
resistance ly|K* of capacitance hridj^e ns- 
in«; standard lalw^ralory coni|K>nents was 
describe<l. \n alternative inethoii of bal¬ 
ancing the dissipation factor of the 
unknown ami is the Scliering method, 
whi<-h utilizes a capacitancv across the 
op|K>site ratio arm. This arrangement 
was first used by Thomas and, following 
the later work of Scliering, ('ame into 
wide use for the measurement of dielec¬ 
tric constant and |X)W’er factor of insu¬ 
lating materials and dielectrics. 

'Phe ailvantage of this circuit over the 
series-resisIanc'e and parallel resistance 
ty|M*s lic^s largely in the fact that an in¬ 
itial dissipation factor balance can be 
easily established, so that the dissipa¬ 
tion factor of the unknown can Im* read 
as an inrrvmvnt of a calibrated con- 
ileiiser. \ variable air condens<*r is com¬ 
monly used in the N arm. one ratio arm 
being fixed and the other variable in 

I'ua'KK 1. t^oniirctioiM for a bench layout of 
a Schering bridge. 
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decade ste|>s. The maximum error that 
will occur if the initial balances arc prop¬ 
erly established, and if the condenser 
Ca is correctly I’alibrated in capacitance 
differences, will Ik* <lue to the variation 
in dissipation factor of the standard 
capacitaiu’e as its setting is varied. This 
variation, for the Typk 722 Precision 
Condenser, is less than 0.0004. 

In the flesign of commercial, shielded, 
self-containeil Si'hering bridges it is cus¬ 
tomary to place the terminal capaci¬ 
tances of the shielded transformer across 
the ratio arms, where they are relatively 
innocuous, lM*coming a part of the in¬ 
itial dissipation factor balance. In a 
bench layout, however, this is generally 
not possible. Figure 1 shows an arrange¬ 
ment wherein the tenninal capacitances 
are placeil across the I’apacitance amis, 
in the same manner as in the series- 
resistance briilge. 

A Type 722-1) Precision Condenser 
(ilirect reading in capacitance from 100 
to 1100 ju/iif, and from 25 to 110 |x/if) is 
ideal for use* as the capacitance standard. 
Any shielde<l air condens«*r, such as the 
1'ype 539-A. may lie used for dissipa¬ 
tion factor balaiu'e. \n accurate capac¬ 
itance calibration of this condenser can 
be obtained by a direi't substitution 
method, with the Type 530 Condenser 
plai'cd across the standard comlenser, 
and w ith an appropriate condenser in the 
P arm for balance. Any variable air con¬ 
denser of suitable sizi* can Ik* used for 
the dissipation factor balance while 
Cl is being calibrated. 

As shown, the larger tenninal capaci¬ 
tance is pla<*ed across the unknown arm 
while the smaller (5-10 /i^f) is placed 
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aiTo^>*i tin* 8landar<l arm. Holli of these 
terminal eapaeilaiu'es ran Im‘ measured 
with pood accuracy, as follows; 

To measure Co. lli<* <*apaeilance across 
the standard arm (Cv)i balance the 
hridpc with the ratio arms set equal and 
with a balancing condenwr of from 100- 
KKX) ^^tf ill the arm. (lhaiige the set¬ 
ting of the A anil and obtain a second 
balaiUM*. Denoting the readings of the 
standanl condenser hy C.vi an<l C'v,, 
respectively, the value of Co is given by 


C. 


C.v, 


Ka 





.( 1 ) 


'rh<‘ initial capacitance {Cso) across 
the unknown arm is nlitaincd by a direct 
measureiiienl, it merely lH‘ing necessary 
to add to Cy the value of Co just ob¬ 
tained. That is 

Cso = ^ (Cv + C).(2) 


After these quantities have been de¬ 
termined, a known constant capacitanc-e 
can be added to the standard arm read¬ 
ing at all times. Similarly, the zero 
capacitance (approximately 100 nfiO 
must Ik* subtracted from the measured 
value of the unknown. 

The dissipation factor of the zero 
capacitance across the P arm can lie de¬ 
termined as follows: Kstablish an initial 
balance (Cso, Dsg) with the Parra o|H*n, 
S4*tting Ca at some large value (an addi¬ 
tional condenser across the B arm w ill lie 
necessary). Place a l(MM) /i/if condenser 
in the P ann, and rebalance the bri<lge 
by means of C\ and C^. The dissipation 
factor of the zero capacitance will then 
Ik* given by 


OsG 



Csa 


( 3 ) 


Q 


In this equation, Csa die zc*ro capaci¬ 
tance, C 2 is the t<»ial arm capacitance, 
and Di is the dissipation factor of the 
con<lenser Ci placed across the I* arm. 
If a good condens<?r is ii.sed for Ci, the 
ratio D\C\'Ci will Ik* very small and can 
Ik? neglected. 

To establish the initial balance for any 
setting of the ratio arms it is merely nec¬ 
essary to connect a capacitance of know n 
dissipation factor (best obtainetl by a 
known resistam-e in series with a known 
capacitance) in the P arm. to set Ca to 
the propt*r value, ami to balance by 
means of Cy ami an additional con¬ 
denser in parallel with B. After a ref¬ 
erence point on Ca has been thus de¬ 
termined. it will Ik* {Missible to compute 
Dp directly from any setting of Ca* or, at 
any given frequency, Ca can Ik* cali¬ 
brated directly in dissipation factor. 
The accuracy of measurement will Ik? 
limited by (1) the accuracy of calibra¬ 
tion of C.i, by (2) the accuracy with 
which the referemx? dissipation factor 
was known, and by (3) the variation in 
the dissipation factor of the Type 722 as 
its setting is varied. A direct-reading 
accuracy In'ller than 0.(K)1 (at lO(M) 
cycles) can be attaint'd if care is taken. 

SUBSTITUTION METHOD 

For the measurement of capacitant*t? 
Ik*Iow 1000 |x;if, excellent aceuracy for 
dissipation factttr as well as capat'itance 
(*an 1 m? attained by the use of a substi¬ 
tution methotl in the standanl arm. Al¬ 
though the procedure for this ly|H* of 
measurement is fairly «>bvious, it is out- 
lineil here because of its importance. 

An initial balance is made with a ca¬ 
pacitance of alM>ut KHMI/xgf in the Parm, 
with the unknown in place and con¬ 
nected to the standard on the grounded 
side. The high.|N)tential connection 
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i^hoiihl bt* made with a bare 
su|»|Hirtin^ leaii. For the iniliul balance 
thin lead ;ibould Ih* left *4'' or ^ 2 ' from 
the hi^h terminal of the unknown. The 
condenw'r C\i must fn* set at some fairly 
large value, since its setting must he re¬ 
duced when the unknown is connected. 
When the initial balance is made and the 
settings of C,\ and C\ noted, the un¬ 
known is connected and the bridge re- 
t)alan(*ed. Denoting the new settings by 
Cs^ and Ca\ and the iiuTeinents l»y 
ACv and ICa have (provided Dx is 
less than about 10%)* 

Cv = Cn — Cs* = . . . . (1) 


The capacitance so determined will he 
accurate within ^2 ^Mf- a |M>ssihle max¬ 
imum error of dr I MMf for each cajiaci- 
tance st‘tting. The |M>ssihle error in I) 
will range from 0.(MMMr> for a 1000 
condenser to O.OOOo for a l(M) /x/itf con¬ 
denser. 

If the L())\ section (25 110 /xjuf) of the 
'Fype 722-1) is us4*<l, capacitaiu'es up to 
85 fifii can Im* measured to itO. 1 /n^f- and 
the errors in I) Imm’oiiic 0.00005 for an 
85 nn( con<lenser, 0.(MM)5 for 10 gfxf. 

_ —Ivan G. Eastcin 

•The coniplrlr rv|irrMionii are: 



Dx = 7^.4 wAC^ 


©' 


.(S) 


ISext month's iii.«tallment of Mr. ICaHicm's article will incliule niiincrical cxumpIcH illustrating 
the order of maguiliide of the stray impeilances, and their calculation, as well as typical measure¬ 
ments with ImuIi the series resistance and iJir S«’hcring bridges. — Knm>R 


THE TYPE 757-A 

ULTRA-HIGH-FREQUENCY OSCILLATOR 

(150 TO 600 MEGACYCLES) 


•THE RECENT EXTENSIVE 
APPLICATION of ultra-high fre- 
cpiemdes to <*oinniunicatiofis and allied 
fields has made desirable the develop¬ 
ment for those frequencies of (‘onirntT- 
cially available measuring instruments 
that approach in ctmvenience and reli¬ 
ability the more common instruments 
o|NTating at lower frequencies. Power 
sources have logically lieen first in onler 
for this development, siiu'e no physical 
cx|M*rinient can he done at a given fre¬ 
quency until energy at that frei]uency is 
availalde. The early work on power 
s<Mirces was naturally directed toward 
simply obtaining an oscillator that sup¬ 
plied some |M)wer at the desired fre¬ 
quency without much regard for its 
other characteristic's. More recently the 


technique at ultra-high frequencies has 
reached the |M>int w here power sources of 
a specializcMl nature can lie develo|H*d, 
and primary emphasis can Ik' placed <»n 
some highly desired c‘haracteristic« such 
as large |>ower output, a high degree of 
freipiency stability, or small size. In a<l- 
dition, general-pur[M>K* oscillators that 
satisfactorily elTect a compnmiise among 
a wide variety of desirable character¬ 
istics have resulted from the application 
of this advanced technique, and descrip¬ 
tions of these os<'illators have been given 
in the literature.^ In this ty|ie of osc'il- 

^L. S. Nrrfaani, "Kleclrk-al MravumiiratA at Wa%r 
Lengths L»* Than Two Mrtrm.” IVoc. i.K.K.. Srptembrr. 
1936. Vol. 24. .No. 9. pp. 12<t9-121l. 

W. L. Barrow. "An Oarillator for Cltra-lligh Frf>«|Uf>n- 
cira." Rp^ierw of Srientibr Inatrumenl*. Jnnr, 193H. Vol. 9. 
No. 6, pp. 170-174. 

Ronnid King, "A Variahir Onrillalnr for ritra-lligh Frr- 
miency M«a«urenirnt," Rrvirw of Scwntific Inatrumrntf. 
NoTcinber. 1939. Vol. 10. No. II. pp. 323-331. 
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lator, emphasis is given to the ability to 
deliver energy over a \vi<le frequency 
range, a characteristic that is usually 
difficulttoobtain for ultra-high-frequency 
oscillators unless a series of adjustmenls 
is made for each operating frequency. 

The General Radio Type 757-A Ultra- 
Iligh-Frequeiicy Oscillator, shown in 
Figure I, is an oscillator of lliis general- 
pur [K>se type with a convenience for use 
hitherto unattained in commercial oscil¬ 
lators of its frequency range. The oscil¬ 
lator can be set by means of a single 
crank control to any frequency between 
150 and 600 megacycles (a range of wave¬ 
lengths in air of 200 cm to 50 cm). In 
spite of this wide range of frequencies. 


the lead-screw drive allows small fre¬ 
quency increments to be easily obtained, 
a feature that is necessary in using a 
|>ower source for measurements of phe¬ 
nomena highly de[)endent on frequency. 

The means by wliich the convenience 
and the excellent general character¬ 
istics are obtainetl can lie seen from Fig¬ 
ures 2 and 3. Figiu*e 2 is a cut-away 
view wliich illustrates the simplicity of 
the oscillator and shows certain mechan¬ 
ical details; for instance, the long, hor¬ 
izontal, lead-screw drive; the piston with 
its spring contacts; and the outer con¬ 
taining cylinder, which serves as the 



Figcre 1 . View of the Type 757-A Ultra-IIigh- 
Frequency Oscillator and the Type 757-Pl 
Power Supply. The dial and counter indicate the 
approximate wavelength in centimeters. By 
means of the scale on the top of the instrument, 
the dial reading can be converted to frequency. 
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Figure 2. Ctit-uway view of I'ype 757-A 
L'ltra-Jfigh-Fre<jiiency <)H<‘illator, allowing ihe 
internal cont«tnietion. 



radio-frequency shield, carries the 
leii^lhwisi*, square key for the keywa> 
of the |)isloii pluntjer, uikI forms with the 
lead screw a iH>a\ial line tliat is a prin¬ 
cipal part of the oscillatory circuit. 

In order to illustrate the electrical cir¬ 
cuit of the oscillator. Figure 3 has been 
drawn as a siinplilied schematic dia¬ 
gram. The coaxial line Iw^tween the oscil¬ 
lator tuht* and the short-circuiting 
piston is energizcfl hy the tube, a WE- 
316-A, and variation of the length of 
this section of the line produi’cs the de¬ 
sired change in wavelength and fre¬ 
quency. 'Fliis variation is obtained by 
rotation of the lead screw, which in turn 
ilrives the short-circuiting piston along 
tile length of the coaxial line. Backlash 
in this drive mechanism has been re¬ 
duced by the use of a double-nut spring 
take-up in tlie piston. The pitch of the 
lead screw and the ratio of the gearing 
to a counter at the drive enil have been 
adjusted to make the (‘ounter indicate 
the approximate value of tlie wavelength 
in air of the generated osi’illations. A 
conversion chart attached to the top of 
the oscillator makes simple the conver¬ 
sion of this dial reading to frequency. 

The output is obtained by coupling in¬ 
ductively to the main oscillatory cir¬ 
cuit. \t the coaxial outlet jack, which is 
provided at the tube housing, the source 


iiiqiedance is about 73 ohms in order to 
give approximately full output into a 
pro|KTly terminated coaxial line. The 
coaxial ty |m* outlet is in keeping with the 
shielded oscillator system, and, when 
coaxial lines are usimI for coupling the 
oscillator to the instrument using the 
high-fretpiency energy, the coiiihination 
aids in coiilining the energy within a 
shieldeil system. 

Vi hen the maximum allowable plate 
voltage for the tube is used on the oscil¬ 
lator, at freipiencies up to 400 Me 
(wavelengths down to 75 cm), a power 
output of alioiit 4 watts can be obtained. 
The output at higher frequencies de- 
creas4‘s grailually with frequency, but 
considerable jKiwer is still available at 
(»(K) Me. riiis available power is much 
greater than normally re({uired for 
measurements, but it ixTinits the use of 
high voltage levels at the measuring in¬ 
struments with the concomitant sinipli- 
(ii’ation of detection problems. 

In order to have the full output of the 
oscillator available at the outlet term¬ 
inals, no isolation means have lieen u.sed. 
'Flic result is that a reactive load coupled 
directly to the oscillator shifts the fre¬ 
quency of oscillation,^ but for the usual 
conditions of loading the frequency 
shift is generally less than 2%, 

"File |M>wer supply required for this os¬ 
cillator is 2 volts at 3.65 amperes for the 
lilameiit, which may Ik* obtained from 
the a-c line, and up to 450 volts plate 
supply with a maximum plate current of 
80 miiliam|K‘res. The plate supply must 
Ik* one that |>ermits grounding of the 


*D. C. Frtncr, Vacuum Tulira aa Power Oacillalom.** 
Chapter V. Proc. I.R.E., Aufuat. 1923, Vol. II. No. U 
pp. 4U9-418. 

"Vacuum Tuhea an Oat'iUatioii Generatom,** Pan V, 
General ElecIrM* Review. July, I92H, V’ol. 31. No. 7, pp. 
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side, since the positive side of 
the hi^h voltage circuit is connected to 
the outer brass container. 

A po>^er supply for the oscillator can 
Im* purchas<ul wparately. This power 
siipfily, the Type 757-Pl, shown in Fig¬ 
ure I, provides the necessary lixe<l volt¬ 
ages for the o|KTation of the oscillator. 
At a slight sacrifice in inaxiiniini oscil¬ 
lator output, the plate voltage deliv- 
ereil hy the 'I'ype 757-Pl is arranged to 
be somewhat less than the niaximiini 


allowable for the os<'illator tulK* in order 
that the tubt* will not Ik* damaged even 
though oscillations should cease. This 
|K>wer supply includes a meter that is 
connected to indicate the oscillator grid 
<urrent, a measure of the intensity of 
oscillation; and. of course, the power 
cable necessary for connection with the 
oscillator unit is also supplietl. 

— Ahnold Peterson 


SPECIFICATIONS FOR 

TYPE 7 57-A U LT R A • H I G H - F R E Q U E N C Y OSCILLATOR 


Frequency Range; 150 to 600 Me (200 to 50 
cm wavelength). 

Calibration; The frcK^ucocy determined fniin 
the chart converting dial reading to frcoiicncv' 
is aciMirate to i: with no load con- 

nei'ted to the oscillator. 

Output Power; 3 to 4 watts up to 4CMt Me 
(75 cm) decreasing with frequency to about 
1 watt at 6(K) Me. 

Output Impedance; EffcMrtively of the order 
of 75 ft. 

Frequency and Wavelength Control; A 

slow-rootiun drive, which carries a dial cali¬ 
brated in divisions representing approximately 
0.01 cm change in wavelength, is used for 
changing the wavelength and frequency. A 
counter to the left of this dial, together with 


the reading of this dial, constitutes the dial read¬ 
ing used for the chart to convert tlial reading 
int<» frequency. 

Tube; A WE-316-A is required and is furnished 
w'itb the instrument. 

Power Supply: Filament: 3.65 am[»eres at 2 
volts. Plate: 450 volts (max.), 80 ma. (max.). 
'Fhe Type 757-Pl Power .Supply (see below) 
may be used in place of batteries. 

Accessories Supplied; One power cable and 
one Type 774-E Cable Plug. 

Mounting: The oscillator is mounted on a wal¬ 
nut base. 

Dimensions; (Length) 21 X (width) 6 X 
(height) 6 inches, over-all. 

Net Weight: 13.!4 pounds. 


Type 

757-A U-fl-F Oscillator 


Code Word 


Price 


$195.00 


PATENT NOTICE. Thw inutrumcnt U manurNrturptl and anid under patrnta ot ihr Ameriraii Trlephone and Triegraph 
(>>mpanT aolrly for utUixatkin to reararrh. tnvaalicalkm. mramirvmenl, testing, inotrurliun. and devrlopmrnt work in pum 
and appliisi M'irnoe. 
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SPECIFICATIONS FOR 


TYPE 757-PI 

Pow6r Input; 103 to 123 vnltn or 210 to 250 
voltH, 40 to 60 cycles. At 115 volts, 60 cycles, 
the {Kiwer drawn is less than 70 watts. 

Output: 2 volts a-c, and 3<KI volts d<c, for the 
rvPK 757.A U-ll-F Oscillator. 

Tub8: I Type 5Y3-G is supplied. 

_ 

757-Pl Power Supply 


OWER SUPPLY 

Accessories Supplied: A seven-foot line con 
nector cord, an intemninecting cord and plug, 
and spare pilt»t lamps. 

Dimensions: (Vlidth) inches X (height) 
654 inches X (length) 954 inches. 

Net Weight: 11^ pounds. 

Cwlf Word Price 

SIRKNAPACK $^15.00 


NEW PRICES FOR TYPE 274 PLUGS AND JACKS 

• RISING COSTS for screw-machine the prices of Tyi»k 274 Plugs and Jacks, 
parts have made nec*e86ary a revision of New prices are as follows: 


Packoff Packoff 

Type Unit Price of 10 of 100 


274-1* l»lug 

$0.12 

$0.90 

$6.25 

274-J Jack 

.10 

.55 

3.50 

27t-M lAoiddc Plug* 

.50 

3.50 

— 


*The Tver 27l-%f Double Plug it a new modal molded from poly^t.rrane to give low eaparilanra and low kawev. 


ERRATUM —TYPE 761-A VIBRATION METER 


• IT HAS BEEN CALLED TO 
OUR ATTENTION that the caption 
for Figure 3 of the article describing 
Type 761-A Vibration Meter, apjiearing 
in the June Elxperimcnter^ is incorrect. 


Since the resjKmse is flat for accelera¬ 
tion, the top oscillogram is actrleratioii. 
the middle one velocity, and the lowest, 
displacement. 


General Radio EXPERIMENTER is mailed ivithout charge each 
month to engineers^ scientists^ technicians, and others interested in 
communication •fret]uency measurement and control problems. IT hen 
sentling retpiests for subscriptions and address •change notices, please 
supply the following information : name, company name, company ad^ 
tlress, type of business company is engaged in, and title or position of 
individual. 


GENERAL RADIO COMPANY 

30 STATE STREET CAMBRIDGE A. MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 
90 WEST STREET, NEW YORK CITY 
1000 NORTH SEWARD STREET, LOS ANGELES. CALIFORNIA 
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